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Diffusion film is one of the key components in liquid crystal display (LCD) 
backlight units (BLU). Its main function is to amend the backlight angle, to amplify 
the outgoing light radiation area, to reduce the light intensity in unit area. When light 
through diffusion film，it become the second light source with larger areas，better 
uniformity, and stable chroma. The shape and the arrangement of micro-structures in 
diffusion film are the main factors which can decide the luminance, the distribution 
uniformity and other optical properties of the outgoing light. 
In this paper, we analyse the microstructure of several commonly used diffusion 
films first, then the feasibility analysis of our diffusion films was put forth. This kind 
of diffusion film is based upon laser speckle and its fabrication process is relatively 
simple. Secondary exposure method is put forward creatively in the process of 
speckle diffusion film experiments. Secondary exposure is that exposure with a piece 
of frosted glass, then exposure again with another piece of frosted glass. After 
Exposure and development, we can get the secondary exposure speckle. 
In the period of studying single exposure speckle experiments, rougher, rough 
and finer, three kinds of frosted glass together are selected in the comparative 
experiment of speckle，so that we can know whether the roughness of frosted glass 
have influence on the speckle particles or not. Meanwhile, we make a comparison 
between the speckle structures formed in forward incidence and reverse incident. In 
order to get suitable speckle size and speckle distribution, orthogonal biprism and 
photonic crystals are used to try modulating the laser speckle. In secondary exposure 
speckle experiments, rough, finer, the finest, three kinds of frosted glass are studied. 
We fabricate laser speckle diffusion film based upon the same roughness degree of 
frosted glass and the different roughness degree of frosted glass, respectively. Thus 
concludes that the spread of the speckle effect is good when first exposure with 
rougher frosted glass reverse incidence and secondary exposure with the finest frosted 















zero-order diffracted light, and obtain better diffusion effect. 
This paper introduces the principle of self-designed test equipment for 
transparency, uniformity and diffusion effects test in detail, and also described the test 
method about light guide performance of diffusion film. Through this method, we test 
the diffusion effect, diffusion angle, transparency, uniformity and light transmittance 
spectrum in the visible region of several commonly used mobile phone diffusion films 
and machined speckle diffusion film. We found the coating-type mobile phone 
diffusion film of Tianyu K-touch have the highest transparency, the machined speckle 
diffusion film followed; the Motorola mobile phones diffusion film have highest 
uniformity, Tianyu K-touch phone diffusion film followed, In terms of comprehensive 
performance, comprehensive performance of Tianyu K-touch phone diffusion film is 
the best. The uniformity of machined speckle diffusion film was a bit poor, has not yet 
reached the production requirements. 
 

















摘要 ............................................................... I 
ABSTRACT ........................................................ II 
目录 .............................................................. IV 
Contents .......................................................... VII 
第一章 绪论 ........................................................ 1 
1.1 背光模组简介 ................................................ 1 
1.1.1 背光模组的类型......................................... 2 
1.1.2 背光模组的各个组成部件及作用........................... 3 
1.1.3 背光模组光学膜的主要应用与原理......................... 4 
1.2 扩散膜的发展和研究进展 ...................................... 6 
1.2.1 扩散膜的市场现状....................................... 6 
1.2.2 扩散膜的微结构研究..................................... 7 
1.2.3 扩散膜的制作工艺....................................... 8 
1.2.4 基于激光散斑的扩散膜的可行性分析....................... 9 
1.3 背光光学系统的主要发展趋势 ................................. 10 
1.3.1 背光模组背光源的发展趋势.............................. 10 
1.3.2 背光模组光学膜片发展趋势.............................. 10 
1.4 本课题的研究意义、主要内容及创新点 ......................... 11 
1.4.1 本课题的研究意义...................................... 11 
1.4.2 本课题的主要内容...................................... 11 
1.4.3 本课题的主要创新点.................................... 12 
第二章 基于激光散斑的扩散膜设计原理 ............................... 13 
2.1 扩散膜的基本光学原理 ....................................... 13 
2.1.1 反射定律与折射定律.................................... 13 
2.1.2 全反射与临界角........................................ 14 
2.1.3 光的透射现象.......................................... 15 















2.2 辐射度学与光度学 ........................................... 16 
2.2.1 光通量................................................ 17 
2.2.2 照度.................................................. 17 
2.2.3 发光强度.............................................. 18 
2.2.4 辉度与亮度............................................ 18 
2.3 散斑现象的描述 ............................................. 19 
2.3.1 散斑的光学一阶统计.................................... 20 
2.3.2 散斑场的二阶统计特性.................................. 22 
2.3.3 激光散斑的特点........................................ 24 
2.3.3.1 散斑的光强分布 .................................. 24 
2.3.3.2 散斑图的衬度 .................................... 25 
2.3.3.3 散斑的特征尺寸 .................................. 26 
2.4 背光光学系统的光学检测 ..................................... 26 
2.4.1 辉度检测.............................................. 27 
2.4.2 均匀度检测............................................ 28 
2.4.3 透光率................................................ 28 
2.4.4 雾度.................................................. 28 
2.5 模压复制技术 ............................................... 29 
2.6 本章小结 ................................................... 30 
第三章 基于激光散斑的直下式背光模组扩散膜的研究 ................... 31 
3.1 单次曝光激光散斑的制作 ..................................... 31 
3.1.1 单次曝光激光散斑...................................... 32 
3.1.2 正交双棱镜调制的单次曝光激光散斑...................... 36 
3.1.3 光子晶体调制的单次曝光激光散斑........................ 37 
3.1.4 单次曝光激光散斑的扩散效果分析........................ 39 
3.2 基于同一粗糙程度毛玻璃的二次曝光散斑图制作 ................. 39 
3.3 基于不同粗糙程度毛玻璃的二次曝光散斑图制作 ................. 41 
3.3.1 单向粗糙的二次曝光散斑................................ 41 















3.4 不同类型扩散膜的微结构对比 ................................. 45 
3.5 本章小结 ................................................... 46 
第四章 基于散斑的扩散膜与其他扩散膜的性能测试及对比 ............... 48 
4.1 扩散板光学性能的测试系统 ................................... 48 
4.2 均匀度测试平台的设计及原理 ................................. 50 
4.3 扩散板均匀性及透光率测试 ................................... 51 
4.4 几种扩散板的透射谱对比分析 ................................. 54 
4.5 本章小结 ................................................... 59 
第五章 总结与未来展望 ............................................. 60 
5.1 结论 ....................................................... 60 
5.2 未来工作展望 ............................................... 61 
参考文献 .......................................................... 62 
攻读硕士学位期间发表的论文和专利 .................................. 68 
















Abstract in Chinese .......................................................................................................I 
ABSTRACT ................................................................................................................. II 
Contents in Chinese ................................................................................................... IV 
Contents .................................................................................................................... VII 
Chapter I Introduction ................................................................................................ 1 
1.1 Introduction of Backlight Units ..................................................................... 1 
1.1.1 Types of Backlight Units ........................................................................ 2 
1.1.2 Components of backlight Units and their role  ...................................... 3 
1.1.3 The main application and the principle of the Backlight Units optical 
film ................................................................................................................... 4 
1.2 Development and research progress of diffusion film ................................. 6 
1.2.1 Market present situation of Diffusion film ............................................. 6 
1.2.2 Microstructure study of diffusion film .................................................... 7 
1.2.3 Production Process of diffusion film ...................................................... 8 
1.2.4 Feasibility analysis ofdiffusion film based on laser speckle ................... 9 
1.3 The main development trend of the backlight optical systems ................. 10 
1.3.1 The development trend of back light .................................................... 10 
1.3.2 The development trend of optical film .................................................. 10 
1.4 Research significance, main content and innovation ................................. 11 
1.4.1 The research significance ...................................................................... 11 
1.4.2 Main content ......................................................................................... 11 
1.4.3 Main innovation of the issue ................................................................. 12 
Chapter II The design principles of diffusion film based on the laser speckle ..... 13 
2.1 The basic optical principle of the diffusion film ......................................... 13 
2.1.1 The law of reflection and refraction ...................................................... 13 
2.1.2 Total reflection and critical angle ......................................................... 14 















2.1.4 The phenomenon of the light scattering ................................................ 16 
2.2 Radiometry and photometry ........................................................................ 16 
2.2.1 Luminous Flux ...................................................................................... 17 
2.2.2 Illumination ........................................................................................... 17 
2.2.3 Luminous intensity ............................................................................... 18 
2.2.4 Luminance and Brightness .................................................................... 18 
2.3 Description of the speckle phenomenon ...................................................... 19 
2.3.1 First order statistical properties of speckle ........................................... 20 
2.3.2 Second order statistical properties of speckle ....................................... 22 
2.3.3 The characteristic parameters of laser speckle ...................................... 24 
2.3.3.1 Light intensity of speckle ............................................................ 24 
2.3.3.2 Contrast of speckle ...................................................................... 25 
2.3.3.3 Feature size of speckle ................................................................ 26 
2.4 Optical inspection of in Backlight Units ..................................................... 26 
2.4.1 Luminance detection ............................................................................. 27 
2.4.2 Uniformity inspection ........................................................................... 28 
2.4.3 The total light transmittance ................................................................. 28 
2.4.4 Haze ...................................................................................................... 28 
2.5 Moulding replication Technology ................................................................ 29 
2.6 Chapter Summary ........................................................................................ 30 
Chapter III Study of Direct type Backlight module diffusion film based on the                
laser speckle ................................................................................................ 31 
3.1 Fabrication of Single exposure laser speckle .............................................. 31 
3.1.1 Single exposure laser speckle ............................................................... 32 
3.1.2 The orthogonal prism modulated single exposure laser speckle .......... 36 
3.1.3 Photonic crystal modulated single-exposure laser speckle ................... 37 
3.1.4 Analysis of the Single exposure diffusion effect laser speckle ............. 39 
3.2 Fabrication of second exposure speckle pattern based on the same 
roughness of the ground glass .................................................................... 39 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
